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This International Search Report has been prepared by this International Searching Authority and is transmitted to the applicant 
according to Article 1 8. A copy is being transmitted to the International Bureau. 



This International Search Report consists of a total of. 



sheets. 



[X] It is also accompanied by a copy of each prior art document cited in this report. 



Basis of the report 

a. With regard to the language, the international search was earned out on the basis of the intemational application in the 



language in which it was filed, unless otherwise indicated under this item. 

□ 



the intemational search was carried out on the basis of a translation of the intemational application furnished to this 
Authority (Rule 23.1(b)). 

b. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international search 
was carried out on the basis of the sequence listing : 
I I contained in the irrtemational application in written form. 
I I filed together with the intemational application in computer readable form. 
I I fumished subsequently to this Authority in written form. 
I I fumished subsequently to this Authority in computer readble form. 

I I the statement that the subsequently fumished written sequence listing does not go beyond the disclosure in the 

intemational application as filed has been fumished. 
I I the statement that the Information recorded in computer readable form is identical to the written sequence listing has been 

fumished 

2. Q Certain claims were found unsearchable (See Box I). 

3. Q Unity of Invention Is lacking (see Box II). 

4. With regard to the title, 

the text is approved as sut>mitted by the applicant. 
I I the text has been established by this Authority to read as follows: 



With regard to the abstract, 

TK\ the text is approved as submitted by the applicant. 

□ the text has been established, according to Rule 38.2(b), by this Authority as it appears in Box III. The applicant may, 
within one month from the date of mailing of this intemational search report, submit comments to this Authority. 

The figure of the drawings to be published with the abstract is Figure No. 



□ as suggested by the applicant. E None of the figures. 

I I because the applicant failed to suggest a figure. 
I I because this figure better characterizes the invention. 
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International filing date (day/month/year) 
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Priority date (day/month/year) 
31/03/1999 



Intemational Patent Classification (IPC) or national classification and IPC 
C23C28/04 
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1. This international preliminary examination report has been prepared by this Intemational Preliminary Examining Authority 
and is transmitted to the applicant according to Article 36. 

2. This REPORT consists of a total of 7 sheets, including this cover sheet. 

S This report is also accompanied by ANNEXES, i.e. sheets of the description, claims and/or drawings which have 
been amended and are the basis for this report and/or sheets containing rectifications made before this Authority 
(see Rule 70.16 and Section 607 of the Administrative Instructions under the PCT). 

These annexes consist of a total of 1 2 sheets. 



3. This report contains Indications relating to the following items: 

I ^ Basis of the report 
Priority 

Non-establishment of opinion with regard to novelty, inventive step and industrial applicability 
Lack of unity of invention 

Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations suporting such statement 

Certain documents cited 

Certain defects in the International application 

Certain observations on the international application 



II 


□ 


III 

IV 


□ 


V 




VI 


□ 


VII 




VIII 





Date of submission of the demand 
07/10/2000 



Date of completion of this report 
28.05.2001 



Name and mailing address of the intemational 
preliminary examining authority: 
European Patent Office 

D-80298 Munich 
Tel, +49 89 2399 - 0 Tx: 523656 epmu d 

Fax: +49 89 2399 - 4465 



Authorized officer 
Teppo, K-M 

Telephone No. +49 89 2399 8130 
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I. Basis of the report 

1 . With regard to the elements of the international application (Replacement sheets which have been furnished to 
the receiving Office in response to an invitation under Article 14 are referred to in this report as "originally filed" 
and are not annexed to this report since they do not contain amendments (Rules 70. 16 and 70. 17)): 
Description, pages: 

1 ,2,5,6,1 1-15,17, as originally filed 
18 

3,3a,4,7-10.16, as received on 16/03/2001 with letter of 14/03/2001 

16a 



Claims, No.: 

4 (part),5-1 3 as received on 1 6/03/2001 with letter of 1 4/03/2001 

1 -3,4 (part) as received on 1 5/05/2001 with letter of 1 4/05/2001 



Drawings, sheets: 

1 /4-4/4 as originally filed 



2. With regard to the language, all the elements marked above were available or fumished to this Authority in the 
language in which the international application was filed, unless otherwise indicated under this item. 

These elements were available or fumished to this Authority in the following language: , which is: 

□ the language of a translation fumished tor the purposes of the international search (under Rule 23.1 (b)). 

□ the language of publication of the international application (under Rule 48.3(b)). 

□ the language of a translation furnished for the purposes of international preliminary examination (under Rule 
55.2 and/or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the 
international preliminary examination was carried out on the basis of the sequence listing: 

□ contained in the international application in written form. 

□ filed together with the international application in computer readable form, 

□ furnished subsequently to this Authority in written form. 

□ furnished subsequently to this Authority in computer readable form. 

□ The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in 
the international application as filed has been furnished. 

□ The statement that the information recorded in computer readable form is identical to the written sequence 
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listing has been furnished. 



4. 



The amendments have resulted in the cancellation of: 



□ 



the description, 
the claims, 
the drawings, 



pages: 



□ 



Nos.: 



□ 



sheets: 



5. H This report has been established as if (some of) the amendments had not been made, since they have been 

considered to go beyond the disclosure as filed (Rule 70.2(c)): 

(Any replacement sheet containing such amendments must be referred to under item 1 and annexed to this 
report.) 

see separate sheet 

6. Additional observations, if necessary: 

111. Non-establishment of opinion with regard to novelty, inventive step and industrial applicability 

1 . The questions whether the claimed invention appears to be novel, to Involve an inventive step (to be non- 
obvious), or to be industrially applicable have not been examined in respect of: 

□ the entire international application. 

□ claims Nos. . 



□ the said international application, or the said claims Nos. relate to the following subject matter which does 
not require an International preliminary examination {specity): 



□ the description, claims or drawings {indicate particular elements beloW) or said claims Nos. are so unclear 
that no meaningful opinion could be formed {specif}/): 



□ the claims, or said claims Nos. are so Inadequately supported by the description that no meaningful opinion 
could be formed. 

\S no international search report has been established for the said claims Nos. 9, 10. 

2. A meaningful international preliminary examination cannot be carried out due to the failure of the nucleotide 
and/or amino acid sequence listing to comply with the standard provided for in Annex C of the Administrative 
Instructions: 

□ the written form has not been furnished or does not comply with the standard. 

□ the computer readable form has not been furnished or does not comply with the standard. 
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V. Reasoned statement under Article 35(2) with regard to noveity, inventive step or industrial applicability; 
citations and explanations supporting such statement 

1. Statement 



Novelty (N) 


Yes: 


Claims 


1-8 




No: 


Claims 


11-13 


Inventive step (IS) 


Yes: 


Claims 


1-8 




No: 


Claims 


11-13 


Industrial applicability (lA) 


Yes: 


Claims 


1-13 




No: 


Claims 





2. Citations and explanations 
see separate sheet 

VII. Certain defects in the international application 

The following defects in the form or contents of the international application have been noted: 
see separate sheet 



VIII. Certain observations on the international application 

The following observations on the clarity of the claims, description, and drawings or on the question whether the 
claims are fully supported by the description, are made: 
see separate sheet 
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Re Item I 

Basis of the report 

Annendnnents added to p. 16, 1.17-25 submitted with the letter of 14.3.2001 include 
subject-matter that goes beyond the disclosure of the international application as filed 
(Art. 34(2)(b) PCT). This is due to the fact, that replacing process conditions of table 2 
with those of D2 to produce a nano-crystalline diamond in the second carbon layer of 
the current application is a novel combination. Moreover, D2 defines only 2 parameters 
of the 10 parameters required in table 2 of the present application. Thus, this report is 
based on the originally submitted p. 16. Hence, p. 16a becomes futile. 

Re Item V 

Reasoned statement under Rule 66.2(a)(ii) with regard to novelty, inventive step 
or industrial applicability; citations and explanations supporting such statement 

1. CITED DOCUMENTS 

Reference is made to the following document: 

D1: EP 0 596 619 A (CRYSTALLUME) 11 May 1994 

D2: D. M. GRUEN: 'Nucleation, Growth and Micro-structure of Nano-Crystalline 
Diamond Films', MRS-BULLETIN-PUBLICATION OF THE MATERIALS 
RESEARCH SOCIETY, vol. 23, no. 9, pages 32 to 35, cited in the 
application. 

2. NOVELTY, Art. 33(1) and (2) PCT 
2.1 

Document D1 discloses a diamond-coated tool suitable for machining and cutting 
having a substrate and two carbon layers of diamond crystal structure (see D1 , 
col. 1, I. 1-17 and fig. 1, col. 4, I. 14-16). The substrate material being e.g. 
tungsten carbide (col. 4, I. 16-17). When the first carbon layer (CL1) is deposited, 
the amount of the carbon carrier gas (CH4) is 1 vol-% (see D1, fig. 5, col. 9, 1. 21- 
24) and when the second carbon layer (CL2) is deposited, the amount of the 
carbon carrier gas (CHJ is 5 vol-% (see D1 , fig. 5, col. 9, I. 26-27). 
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The thermal expansion coefficient of CL1 (at1) is implicitly smaller than that of the 
WC-substrate (ats) even though exact values are not disclosed, since this is the 
case also in the application, where the same materials are used. 
The fraction of the carbon with a diamond structure in CL1 (fC1) is lower than in 
CL2, because to manufacture CL2 the amount of CH4 is raised and this is known 
to diminish the amount of carbon with diamond structure (see D1 col. 9, I. 26 and 
the description p. 9, I. 16-24). 

Due to the fact that the fraction of carbon with a diamond structure in CL2 (fC2) is 
smaller than in CL1 the thermal coefficient of CL2 (at2) is increased by contrast to 
CL1 (see the description p. 4, I. 14-26). Both of the layers (A) and (B) are 
considered to contain "highly predominant" fractions of carbon. 

Therefore the subject-matter of claims 1 1 and 13 is not considered to be novel. 
2.2 

The subject-matter of the independent product claim 1 and the subject-matter of 
the claims dependent on it i.e. claims 2-10 are regarded as novel over the prior 
art, due to the fact that the second carbon layer claimed in claim 1 includes nano- 
crystalline diamond. This is not disclosed in any of the relevant prior art 
documents. 

3. INVENTIVE STEP, Art. 33(1) and (3) PCT 

The problem to be solved by the present invention may be regarded as how to 
provide diamond-coated tool with reduced instances of chipping. The applicant 
achieves this by applying a second carbon layer onto the first one, the second 
layer comprising a smaller fraction of carbon with a diamond carbon structure and 
most of all nano-crystalline diamond. Nano-crystalline diamond increases the 
thermal extension coefficient of the second carbon layer and thus reduces the risk 
of chipping. Hence, the inventiveness of the subject-matter of claims 1-10 is 
assured. 

The wording of claim 1 1 does not include producing nano-crystalline carbon and 
thus, the subject-matter of claim 1 1 is regarded as well as not novel also obvious 
as it does not resolve the problem posed. 
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Moreover, the process conditions used during the deposition of CL1 in D1 are 
obviously chosen to achieve as high as possible fraction of carbon with diamond 
structure. Therefore the subject-matter of claim 12 lacks an inventive step. 

Re Item Vli 

Certain defects in the international application 

(a) The term "crystalline" is written without the letter "h". 

Re Item VHI 

Certain observations on the international application 

The term "highly predominant" used in claims 1 and 1 1 is vague and unclear and 
leaves the reader in doubt as to the meaning of the technical feature to which it refers. 
Should the aforementioned vaguely defined technical feature be interpreted as a 
special technical feature for the assessment of novelty or inventive step, the definitions 
of said claims are considered to lack clarity (Art. 6 POT). 
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bit is formed by a carbon layer with a lower diamond frac- 
tion return substantially poorer results by comparison with 
the inverted layer sequence. 

5 EP 0 596 619 Al describes a diamond-coated article with 
integral wear-out -indicator. Two diamond layers are provided 
differing in their electrical or optical characteristics in 
order to provide a means for indicating the wear-out of the 
diamond coating. The process conditions disclosed indicate 
10 that the diamond layers are of conventional columnar struc- 
ture . 

Starting herefrom, it is the object of the invention to 
create a coated tool having a substrate and a carbon layer, 
15 applied to the substrate, with carbon in a diamond crystal 
structure, in the case of which tool the risk of instances 
of chipping of the carbon layer are effectively reduced. 
Moreover, the aim is also to specify a process for producing 
such a tool . 

20 

The object is achieved by means of a tool having the featu- 
res of Claim 1. In context with the invention, the expres- 
sion "tool" includes each component having a coating serving 
for abrasion resistance of the component. Examples of such a 

25 tool are cutting tools like mills, drills, twist drills, 
reamers, threaders, grinding tools, trueing tools and honing 
tools, forming / shaping tools like drawing tools, stamping 
tools and punching tools, and components of the above-men- 
tioned kind like wear parts, fairlead bushes, lands, guide 

3 0 surfaces, slide faces, slide bearings and cutting faces. The 
most prominent examples are guide surfaces of twist drills, 
guide surfaces of reamers and cutting surfaces of inserts. 
The last -mentioned examples refer to the fact that in most 
tools the cutting components are combined with sliding sur- 

35 faces defining the position of the blade, such that compo- 

ALL.01149 
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nents are integral with the tool. In this connection, the 
smooth diamond layers are particularly advantageous, because 
they have a high hardness and a low coefficient of friction. 
The components may be mounted to a tool or made up by cer- 
5 tain tool surfaces. In many cases, the tool coating includes 
a tool egde . 
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The fraction of carbon with a diamond crystal structure is 
preferably very high in the first carbon layer, for example 
in accordance with previously used diamond coatings in the 
case of tools for machining workpieces. It has surprisingly 
5 been established that in the case when, by contrast with the 
first carbon layer, the second carbon layer has a smaller 
fraction of carbon with a diamond crystal structure/ the 
formation of cracks in the carbon layer can be effectively 
reduced overall, with the result that instances of chipping 
10 occur very much more rarely. 

In principle, both the first and the second carbon layer 
contain a highly predominant carbon fraction in diamond 
crystal structure (80-100%) . These layers are mostly denoted 
15 ,in the literature as diamond layers. The remaining carbon is 
graphite or amorphous phases . 



It is conjectured that the different coefficients of thermal 
expansion of the first and second carbon layers contribute 
20 to a reduction in the formation of cracks. Since, by con- 
trast with the first carbon layer, the fractions of carbon 
with a graphite crystal structure and amorphous structure 
are increased in the second carbon layer, the coefficient of 
thermal expansion is also increased by contrast with the 

2 5 first carbon layer. The second carbon layer includes or 

consists of nano-crystalline diamond typically being sur- 
rounded by carbon of non-diamond structure. The last-mentio- 
ned carbon serves to increase the thermal extension coeffi- 
cient of the second carbon layer. The generation of nano- 

3 0 crystalline diamond films on substrates is, e.g. described 

in "Nucleation, Growth and Microstructure of Nanocrystalline 
Diamond Films" in "MRS Bulletin- Publication of the Materials 
Research Society", September 1998, Vol. 23, No. 9, p. 32-35, 
of Dieter M. Gruen. 

35 
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1 to 4 0 fim, the value ranges of 4 to 2 0 /zm and 6 to 15 
respectively leading to increasingly better results for the 
adhesive strength of the carbon layers. 

5 The first carbon layer preferably has a structure such that 
upon irradiation by laser light at a wavelength of 514 nm 
(emission line of the Ar ion laser) the first carbon layer 
generates a Raman spectrum in the case of which, after sub- 
traction of a signal background, the intensity ratio of a 
10 peak S, representative of carbon with a diamond crystal 
structure, at 1332 cm"^ to a peak F, representative of carbon 
lacking a diamond crystal structure, at 1560 cm'^ is in the 
range of from oo to 0,5, in which case = I(Sa)/I(F;,) is the 
diamond value for the first carbon layer. 

15 

The intensity ratio of the peak S, representative of 

carbon with a diamond crystal structure, at 1332 cm"^ to the 
peak F, representative of carbon lacking a diamond crystal 
structure, at 1560 cm"^ is, further, preferably in the range 
20 of from 10 to 1.0 which, for the ratio of the fractions of 
carbon with a diamond crystal structure to carbon of a dif- 
ferent, for example graphitic or amorphous structure, has 
proved to be particularly favourable for the first carbon 
layer. 

25 

The second carbon layer preferably has a structure such that 
upon irradiation by laser light at a wavelength of 514 nm 
the second carbon layer generates a Raman spectrum in the 
case of which, after subtraction of a signal background, the 
3 0 intensity ratio Kg of a peak S, representative of carbon with 
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a diamond crystal structure, at 1332 cm"^ to the peak 
representative of carbon lacking a diamond crystal struc- 
ture, at 1560 cm"^ is in the range of from 2 to 0, in which 
case Kg = 1(Sa)/I(Fa) is the diamond value for the second 
5 carbon layer. 

The intensity ratio Kb of the peak S, representative of 
carbon with a diamond crystal structure, at 1332 cm'^ to the 
peak F, representative of carbon lacking a diamond crystal 
10 structure, at 1560 cm"^ is, further, preferably in the range 
of from 1 to 0.1- 

The secondary condition applies to all the abovenamed data 
on ranges in that the fraction of carbon with a diamond 

15 crystal structure in the second carbon layer is lower than 
the fraction of carbon with a crystal diamond structure in 
the first carbon layer, that is to say > Kg. It is also 
possible in principle that in the case of the first carbon 
layer the peak F, and in the case of the second carbon layer 

20 the peak S is respectively completely missing in the Raman 
spectrum. 

The second carbon layer preferably has a minimum thiclcness 
of 0.5 /im, something which marks it off from effects which 

2 5 occur at the end of a conventional CVD diamond coating pro- 

cess and in the case of which a structure lacking diamonds 
can occur which cannot be denoted as a layer in the sense of 
this description and comprises a few layers of atoms. What 
is decisive, however, is that the thickness of the second 

3 0 carbon layer is selected in such a way that there is an 

adhesivity of the layers on the substrate which is markedly 
increased by contrast with the first carbon layer alone. 

A method for producing a tool substrate coated with carbon 
3 5 in accordance with Claim 9 is likewise the subject matter 
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of the invention. 

The essential process parameters for applying carbon layers 
with a high fraction of carbon in a diamond crystal struc- 
5 ture are known. These include the feeding of a carbon car- 
rier gas such as methane, and the feeding of molecular hy- 
drogen, the setting of a suitable substrate temperature and 
the coating period over which, first and foremost, the 
thickness of the carbon layers is set . 

10 

The process conditions for applying the first carbon layer 
for a fraction of carbon with a diamond crystal structure 
which is as high as possible are preferably optimized in 
step a) . This produces the known diamond coatings for compo- 
15 nents which exhibit excellent wear resistance. 

In step b> , the process conditions of step a) are preferably 
changed in order to reduce the fraction of carbon with a 
diamond crystal structure by contrast with the first layer. 
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The invention is explained by way of example in yet more 
detail below with the aid of the figures, in which: 

Figure 1 shows a diagrammatic cross sectional view of a 
5 section of a coated component; 

Figure 2 shows an exemplary Raman spectrum illustrating 
the diamond value; 

10 Figure 3 shows a Raman spectrum of the first carbon layer 

of the component of Figure 1; 



15 



20 



Figure 4 shows a Raman spectrum of the second layer of the 
component of Figure 1 ; 

Figure 5 shows an electron microscope image of a cross 
section, produced by means of a fracture, of an 
edge in the case of the component of Figure 1 at 
an approximately 1,500 -fold magnification; 

Figure 6 shows a detail from Figure 5 at an approximately 
6, 500 -fold magnification; and 



Figure 7 shows an electron microscope image of the outer 



25 



30 
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longwave sides of the peak S. The height of the peak S is 
yielded from the difference between the intensity values for 
the peak maximum in the region of the wavenumber 13 32 cm'^ 
and the intensity of the background for the same wavenumber, 
5 a straight line which connects the points PI and P2 being 
used to estimate the intensity of the background . 



' 16-03-2001 



Similarly, the background for the peak F is yielded from a 
straight line connecting the point P2 and a point P3 which 
10 are arranged on the shortwave side of the peak F, 

( 

Further peaks can also occur in special cases, but they are 
not relevant if they are outside the wavenumber interval of 
12 00-1700 cm"^, or their magnitude is less than the peak 
15 height of the peaks S and F. For example, at 1150 cm'S in 
certain instances a peak can be observed which is to be 
ascribed to nano-crystalline diamonds. The occurrence of 
this peak in a Raman- spectrum depends on the amount of nano- 
crystalline diamond. For producing nano-crystalline diamond 

2 0 in the second carbon layer the process conditions of table 2 

have to be replaced by process conditions as described in 
"Nucleation, Growth and Microstructure of Nanocrystalline 
^ Diamond Films" published in "MRS Bulletin-Publication of the 

Materials Research. Society" , September 1998, vol. 23, no. 9, 
25 p. 32-35, of Dieter M. Gruen. Nano-crystalline diamond is 
surrounded by carbon of non-diamond structure. Therefore, 
the presence of nano-crystalline diamond in the second car- 
bon layer is advantagous because the carbon with non-diamond 
structure around the nano-crystalline diamonds increases the 

3 0 thermal expansion coefficient of the second carbon layer. 



A peak occurring at 1355 cm'^ (so-called D-band) is likewise 
Raman scattered light which is, however, generated by viola- 
ting the selection rules for the Raman scattering on the 
3 5 basis of increased focal surface scattering. The D-band is 
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greatly widened and is eliminated by the background correc- 
tion described above. 

The diamond value or Kg serves for identifying the first 
5 and the second carbon layer, and is associated with the 
actual diamond fraction only to the extent that there is a 
strict monotonic dependence in the mathematical sense. 

( 



AliL01149 



AMENDED SHEET 



* 15-05-2001 EP 000002890 



- 19 - 
Claims 



1. Coated tool, in particular for machining, having a 
substrate, which has a predetermined coefficient of 
5 thermal expansion, a first carbon layer which is depo- 

sited on the substrate, which has a predetermined 
highly predominant fraction of carbon with a diamond 
crystal structure and a coefficient of thermal expan- 
sion which is smaller than the coefficient of thermal 

10 expansion of the substrate and at least one second 

carbon layer (B) , which is deposited further outside 
with reference to the substrate (M) than the first 
carbon layer (A) , and in the case of which the fraction 
of carbon with a diamond crystal structure is highly 

15 predominant but lower than the predetermined fraction 

of carbon with a crystal diamond structure in the first 
carbon layer (A) , and in the case of which the coeffi- 
cient of thermal expansion is greater than the coeffi- 
cient of thermal expansion of the first carbon layer 

20 (A) , characterized in that the second carbon layer 

includes nano-crystalline diamond. 



2. Tool according to Claim 1, characterized in that the 
second carbon layer (B) consists of nano-crystalline 

25 diamond. 

3. Tool according to Claim 1 or 2, characterized in that 
the second carbon layer (B) is deposited directly on 
the first carbon layer (A) . 

30 

4. Tool according to Claim 1 or 2 , characterized in that 
formed between the first carbon layer (A) and the se- 
cond carbon layer (B) is an interlayer in the case of 
which the fraction of carbon with a diamond crystal 

3 5 structure drops continuously from the first carbon 
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layer (A) in the direction of the second carbon layer 
. (B) . 

Tool according to one of Claims 1 to 4 , characterized 
in that it has an overall thickness of the first carbon 
layer (A) and the second carbon layer (B) in the range 
from 1 to 4 0 /im. 

Tool according to Claim 5, characterized in that it has 
an overall thickness of the first carbon layer (A) and 
the second carbon layer (B) in the range of 4 to 2 0 /xm. 

Tool according to Claim S, characterized in that an 
overall thickness of the first carbon layer (A) and of 
the second carbon layer (B) in the range of 6 to 15 fxxn 
is formed. 

Tool according to one of Claims 1 to 1, characterized 
in that the second carbon layer (B) has a minimum 
thickness of 0.5 /im. 

Tool according to one of Claims 8, characterized in 
that further material layers are arranged between the 
first carbon layer and the second carbon layer. 

Tool according to one of Claims 1 to 9, characterized 
in that with reference to the substrate beyond the 
second carbon layer further material layers are arran- 
ged. 

Process for producing a tool substrate which is coated 
with carbon and has a predetermined coefficient of 
thermal expansion, having the following steps: 

a) depositing onto the tool substrate (M) a first 
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carbon layer (A) , the process conditions being 
selected such that the carbon layer (A) contains a 
predetermined highly predominant fraction of car- 
bon with a diamond crystal structure and has a 
smaller coefficient of thermal expansion than the 
tool substrate (M) ; and 

b) depositing a second carbon layer (B) , which lies 
further outside with reference to the substrate 
(M) than the first carbon layer (A) , the process 
conditions being selected in such a way that by 
contrast with the predetermined fraction of carbon 
with a diamond crystal structure of the first car- 
bon layer (A) the second carbon layer (B) has a 
highly predominant but reduced proportion of car- 
bon with a diamond crystal structure and a larger 
coefficient of thermal expansion than the first 
carbon layer (A) . 

Process according to Claim 10, in which in step a) the 
process conditions are selected such that the first 
carbon layer (A) has a high as possible a fraction of 
carbon with diamond crystal structure. 

Process according to Claim 11 or 12, in which in step 
b) the process, conditions of step a) are changed to 
reduce the fraction of carbon with a diamond crystal 
structure by comparison with the first carbon layer 
(A) . 
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bit is formed by a carbon layer with a lower diamond frac- 
tion return substantially poorer results by comparison with 
the inverted layer sequence. 

5 Starting herefrom, it is the object of the invention to 
create a coated tool having a substrate and a carbon layer, 
applied to the substrate, with carbon in a diamond crystal 
structure, in the case of which tool the risk of instances 
of chipping of the carbon layer are effectively reduced. 
10 Moreover, the aim is also to specify a process for producing 
such a tool. 

The object is achieved by means of a tool having the featu- 
res of Claim 1. In context with the invention, the expres- 

15 sion "tool" includes each component having a coating serving 
for abrasion resistance of the component. Examples of such a 
tool are cutting tools like mills, drills, twist drills, 
reamers, threaders, grinding tools, trueing tools and honing 
tools, forming / shaping tools like drawing tools, stamping 

20 tools and punching tools, and components of the above-men- 
tioned kind like wear parts, fairlead bushes, lands, guide 
surfaces, slide faces, slide bearings and cutting faces. The 
most prominent examples are guide surfaces of twist drills, 
guide surfaces of reamers and cutting surfaces of inserts. 

25 The last -mentioned examples refer to the fact that in most 
tools the cutting components are combined with sliding sur- 
faces defining the position of the blade, such that compo- 
nents are integral with the tool. In this connection, the 
smooth diamond layers are particularly advantageous, because 

3 0 they have a high hardness and a low coefficient of friction. 
The components may be mounted to a tool or made up by cer- 
tain tool surfaces. In many cases, the tool coating includes 
a tool egde . 



35 
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The fraction of carbon with a diamond crystal structure is 
preferably very high in the first carbon layer, for example 
in accordance with previously used diamond coatings in the 
case of tools for machining workpieces . It has surprisingly 
5 been established that in the case when, by contrast with the 
first carbon layer, the second carbon layer has a smaller 
fraction of carbon with a diamond crystal structure, the 
formation of cracks in the carbon layer can be effectively 
reduced overall, with the result that instances of chipping 
10 occur very much more rarely . 

In principle, both the first and the second carbon layer 
contain a highly predominant carbon fraction in diamond 
crystal structure (80-100%) . These layers are mostly denoted 
15 in the literature as diamond layers. The remaining carbon is 
graphite or amorphous phases . 

It is conjectured that the different coefficients of thermal 
expansion of the first and second carbon layers contribute 

2 0 to a reduction in the formation of cracks. Since, by con- 
trast with the first carbon layer, the fractions of carbon 
with a graphite crystal structure and amorphous structure 
are increased in the second carbon layer, the coefficient of 
thermal expansion is also increased by contrast with the 

2 5 first carbon layer. The second carbon layer can include or 
consist of nano-chrystalline diamond typically being sur- 
rounded by carbon of non-diamond structure. The last-mentio- 
ned carbon serves to increase the thermal extension coeffi- 
cient of the second carbon layer. The generation of nano- 

30 chrystalline diamond films on substrates is, e.g. described 
in "Nucleation, Growth and Micro- Structure of Nano-Chrystal - 
line Diamond Films" in "MRS Bulletin-Publication of the 
Materials Research Society", September 1998, Vol. 23, No. 9, 
p. 32-33, of Dieter M. Gruen. The contents of this citation 

35 is incorporated herein by reference. 



wo 00/60137 




PCT/EPOO/02890 



- 7 - 

1 to 40 fim, the value ranges of 4 to 20 fim and 6 to 15 ixm 
respectively leading to increasingly better results for the 
adhesive strength of the carbon layers. 

The ratio of the thickness of the first carbon layer to the 
thickness of the second carbon layer can be in the range of 
0.05 to 0.9, while a range of from 0 . 1 to 0 . 5 is to be re- 
garded as preferred for this ratio. 

The first carbon layer preferably has a structure such that 
upon irradiation by laser light at a wavelength of 514 nm 
(emission line of the Ar ion laser) the first carbon layer 
generates a Raman spectrum in the case of which, after sub- 
traction of a signal background, the intensity ratio K;, of a 
peak S, representative of carbon with a diamond crystal 
structure, at 1332 cm'^ to a peak F, representative of carbon 
lacking a diamond crystal structure, at 1560 cm"^ is in the 
range of from oo to 0.5, in which case = I(S;^)/I(Fa) is the 
diamond value for the first carbon layer. 

The intensity ratio K;, of the peak S, representative of 
carbon with a diamond crystal structure, at 1332 cm"^ to the 
peak F, representative of carbon lacking a diamond crystal 
structure, at 1560 cm"^ is, further, preferably in the range 
of from 10 to 1.0 which, for the ratio of the fractions of 
carbon with a diamond crystal structure to carbon of a dif- 
ferent, for example graphitic or amorphous structure, has 
proved to be particularly favourable for the first carbon 
layer . 

The second carbon layer preferably has a structure such that 
upon irradiation by laser light at a wavelength of 514 nm 
the second carbon layer generates a Raman spectrum in the 
case of which, after subtraction of a signal background, the 
intensity ratio Kg of a peak S, representative of carbon with 
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a diamond crystal structure, at 1332 cm"^ to the peak F, 
representative of carbon lacking a diamond crystal struc- 
ture, at 1560 cm'^ is in the range of from 2 to 0 , in which 
case Kb = I (S;^) /I (F^) is the diamond value for the second 
5 carbon layer. 

The intensity ratio K3 of the peak S, representative of 
carbon with a diamond crystal structure, at 1332 cm"^ to the 
• peak F, representative of carbon lacking a diamond crystal 
10 structure, at 1560 cm"^ is, further, preferably in the range 
of from 1 to 0 . 1 , 

The secondary condition applies to all the abovenamed data 
on ranges in that the fraction of carbon with a diamond 

15 crystal structure in the second carbon layer is lower than 
the fraction of carbon with a crystal diamond structure in 
the first carbon layer, that is to say > K^. It is also 
possible in principle that in the case of the first carbon 
layer the peak F, and in the case of the second carbon layer 

20 the peak S is respectively completely missing in the Raman 
spectrum. 

The second carbon layer preferably has a minimum thickness 
of 0.5 Atm, something which marks it off from effects which 

25 occur at the end of a conventional CVD diamond coating pro- 
cess and in the case of which a structure lacking diamonds 
can occur which cannot be denoted as a layer in the sense of 
this description and comprises a few layers of atoms. What 
is decisive, however, is that the thickness of the second 

30 carbon layer is selected in such a way that there is an 
adhesivity of the layers on the substrate which is markedly 
increased by contrast with the first carbon layer alone. 

A method for producing a tool substrate coated with carbon 
35 in accordance with Claim 10 is likewise the subject matter 
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of the invention. 

The essential process parameters for applying carbon layers 
with a high fraction of carbon in a diamond crystal struc- 
5 tare are known. These include the feeding of a carbon car- 
rier gas such as methane, and the feeding of molecular hy- 
drogen, the setting of a suitable substrate temperature and 
the coating period over which, first and foremost, the 
thickness of the carbon layers is set. 

10 

The process conditions for applying the first carbon layer 
for a fraction of carbon with a diamond crystal structure 
which is as high as possible are preferably optimized in 
step a) . This produces the known diamond coatings for compo- 
.15 nents which exhibit excellent wear resistance. 

In step b) , the process conditions of step a) are- preferably 
changed in order to reduce the fraction of carbon with a 
diamond crystal structure by contrast with the. first layer. 

2 0 This can advantageously be performed by reducing the sub- 

strate temperature in step b) by comparison with step a) . 
Moreover, in step b) the fraction of the carbon carrier gas 
used can also be increased by contrast with step a) , as a 
result of which the conditions for producing a carbon layer 
25 with a high fraction of carbon with a diamond crystal struc- 
ture are "worsened" . 

The two measures named for changing the process conditions 
from step a) to step b) can be taken individually or else in 
30 combination with one another. 

In the case of the CVD process used, in particular the hot- 
filament CVD process, it is also possible in step b) as 
contrasted with step a) to increase the distance of the 

3 5 substrate from the gas excitation, or to reduce the supply 
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of DOwer for the gas excitation. The introduction of ex- 
traneous gases likewise leads in most cases to a reduction 
in the fraction of carbon with a diamond crystal structure. 
An exception is formed by oxidizing gases which can also 
lead to an increase in diamond, and can thus be used to 
support the production of the first carbon layer. The flow 
of the process gases, and the pressure in the coating faci- 
lity can also be set to differ from their ideal values, 
which are typically present in step a) , in order to achieve 
the process conditions for step b) . 

The invention is explained by way of example in yet more 
detail below with the aid of the figures, in which: 

Figure 1 shows a diagrammatic cross sectional view of a 



section of a coated component; 



Figure 2 



shows an exemplary Raman spectrum illustrating 
the diamond value; 



Figure 3 



shows a Raman spectrum of the first carbon layer 
of the component of Figure 1; 



Figure 4 



shows a Raman spectrum of the second layer of the 
component of Figure 1; 



Figure 5 



shows an electron microscope image of a cross 
section, produced by means of a fracture, of an 
edge in the case of the component of Figure 1 at 
an approximately 1,500-fold magnification; 



Figure 6 



shows a detail from Figure 5 at an approximately 
6,500-fold magnification; and 



Figure 7 



shows an electron microscope image of the outer 
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longwave sides of the peak S. The height of the peak S is 
yielded from the difference between the intensity values for 
the peak maximum in the region of the wavenumber 1332 cm"^ 
and the intensity of the background for the same wavenumber, 
5 a straight line which connects the points PI and P2 being 
used to estimate the intensity of the background. 

Similarly, the background for the peak F is yielded from a 
straight line connecting the point P2 and a point P3 which 
10 are arranged on the shortwave side of the peak F. 

Further peaks can also occur in special cases, but they are 
not relevant if they are outside the wavenumber interval of 
1200-1700 cm'\ or their magnitude is less than the peak 
15 height of the peaks S and F. For example, at 115 0 cm'\ in 
certain instances a peak can be observed which is to be 
ascribed to nano-crystalline diamonds. Nano-chrystalline 
diamond is surrounded by carbon of non-diamond structure. 
Therefore, the presence of nano-chrystalline diamond in the 

2 0 second carbon layer is advantagous because the carbon with 

non- diamond structure around the nano-chrystalline diamonds 
increases the thermal expension coefficient of the second 
carbon layer. 

25 A peak occurring at 1355 cm'^ (so-called D-band) is likewise 
Raman scattered light which is, however, generated by viola- 
ting the selection rules for the Raman scattering on the 
basis of increased focal surface scattering. The D-band is 
greatly widened and is eliminated by the background correc- 

3 0 tion described above. 

The diamond value K^, or serves for identifying the first 
and the second carbon layer, and is associated with the 
actual diamond fraction only to the extent that there is a 
35 strict monotonic dependence in the mathematical sense. 
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Claims 

1. Coated tool, in particular for machining, having a 
substrate, which has a predetermined coefficient of 
thermal expansion, and a first carbon layer which is 
deposited on the substrate, which has a predetermined 
fraction of carbon with a diamond crystal structure and 
a coefficient of thermal expansion which is smaller 
than the coefficient of thermal expansion of the sub- 
strate, characterized in that provision is made of at 
least one second carbon layer (B) , which is deposited 
further outside with reference to the substrate (M) 
than the first carbon layer (A) , and in the case of 
which the fraction of carbon with a diamond crystal 
structure is lower than the predetermined fraction of 
carbon with a crystal diamond structure in the first 
carbon layer (A) , and in the case of which the coeffi- 
cient of thermal expansion is greater than the coeffi- 
cient of thermal expansion of the first carbon layer 
(A) . 



2. Tool according to Claim 1, characterized in that the 
second carbon layer (B) is deposited directly on the 
first carbon layer (A) . 

3. Tool according to Claim 1, characterized in that formed 
between the first carbon layer (A) and the second car- 
bon layer (B) is an interlayer in the case of which the 
fraction of carbon with a diamond crystal structure 
drops continuously from the first carbon layer (A) in 
the direction of the second carbon layer (B) . 

4. Tool according to one of Claims 1 to 3 , characterized 
in that it has an overall thickness of the first carbon 
layer (A) and the second carbon layer (B) in the range 
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from 1 to 40 ptm. 

5. Tool according to Claim 4, characterized in that it has 
an overall thickness of the first carbon layer (A) and 
the second carbon layer (B) in the range of 4 to 20 /xm. 

6. Tool according to Claim 5, characterized in that an 
overall thickness of the first carbon layer (A) and of 
the second carbon layer (B) in the range of 6 to 15 /im 
is formed. 

7. Tool according to one of Claims 1 to 6 , characterized 
in that the ratio of the thickness of the first carbon 
layer (A) to the thickness of the second carbon layer 
(B) is in the range of 0.05 to 0.9. 

8. Tool according to Claim 7, characterized in that the 
ratio of the thickness of the first carbon layer (A) to 
the thickness of the second carbon layer (B) is in the 
range of 0.1 to 0.5. 

9. Tool according to one of Claims 1 to 8 , characterized 
in that the second carbon layer (B) has a minimum 
thickness of 0.5 ^m. 

10. Tool according to one of claims 1 to 9, characterized 
in that the second carbon layer (B) consists of nano^ 
chry s talline di amond . 

11. Process for producing a tool substrate which is coated 
with carbon and has a predetermined coefficient of 
thermal expansion, having the following steps: 

a) depositing onto the tool substrate (M) a first 
carbon layer (A) , the process conditions being 
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selected such that the carbon layer (A) contains a 
predetermined fraction of carbon with a diamond 
crystal structure and has a smaller coefficient of 
thermal expansion than the tool substrate (M) ; and 

b) depositing a second carbon layer (B) , which lies 
further outside with reference to the substrate 
(M) than the first carbon layer (A) , the process 
conditions being selected in such a way that by 
contrast with the predetermined fraction of carbon 
with a diamond crystal structure of the first car- 
bon layer (A) the second carbon layer (B) has a 
reduced proportion of carbon with a diamond cry- 
stal structure and a larger coefficient of thermal 
expansion than the first carbon layer (A) . 

12. Process according to Claim 11, in which in step a) the 
process conditions are selected such that the first 
carbon layer (A) has a high as possible a fraction of 
carbon with diamond crystal structure. 

13. Process according to Claim 11 or 12, in which in step 
b) the process conditions of step a) are changed to 
reduce the fraction of carbon with a diamond crystal 
structure by comparison with the first' carbon layer 
(A) . 

14. Process according to Claim 13, in which in step b) the 
substrate temperature is reduced by comparison with 
step a) , 

15. Process according to one of Claims 13 or 14, in which 
in step b) the proportion of carbon carrier gas used is 
increased by comparison with step a) . 



